BACKGROUND: Socioeconomic status affects survival in patients diagnosed with head and neck squamous cell carcinoma (HNSCC), even in health systems with universal health care. Singapore has a tiered subsidized housing system, in which income determines eligibility for subsidies by size of apartment. The objective of this study was to assess whether a patient's residential type (small/heavily subsidized, medium/moderate subsidy, large/minimal or no subsidy) influenced mortality. A secondary analysis examined whether patients in smaller subsidized apartments were more likely to present with advanced disease. METHODS: An historical cohort study of patients in a tertiary referral center with HNSCC was identified in the multidisciplinary cancer database from 1992 to 2014. Clinicopathologic data were extracted for analysis. Patient residential postal codes were matched to type of housing. Logistic regression was performed to evaluate the relationship between all-cause mortality and the predictors of interest as well as the association between housing type and disease stage at presentation. RESULTS: Of the 758 patients identified, most were men (73.4%), the median age was 64 years, 30.5% and 15.2% were smokers and former smokers, respectively. Over one-half (56.8%) of patients presented with advanced disease. Male gender, age, stage at presentation, survival time from diagnosis, and smoker status were significant predictors of mortality. Patients living in the smaller, higher subsidy apartments had poorer survival, although they were not more likely to present with advanced disease, suggesting that the survival difference was not because of delayed presentation. CONCLUSIONS: Patients with HNSCC living in smaller, higher-subsidy apartments have poorer survival despite no apparent delays in presentation.
INTRODUCTION
Socioeconomic status affects the survival of patients diagnosed with head and neck squamous cell carcinoma (HNSCC). [1] [2] [3] [4] [5] [6] [7] [8] Incidence rates for this cancer are higher in developing countries compared with developed nations 9 and for patients of lower socioeconomic status, even in health systems with universal health care in developed countries. 2 Patients with low socioeconomic status are more likely to present at a later stage, [10] [11] [12] although this is not always the case. 13, 14 Studies have indicated that some effects of socioeconomic status on incidence and survival may be explained by differences in smoking status, type of treatment, marital status, or human papillomavirus infection. 11, [15] [16] [17] [18] [19] [20] However, socioeconomic status, as indicated by education, income, or occupation, is not routinely collected health care data, and using neighborhood characteristics as a proxy for socioeconomic status requires matching to census data on income, which is not readily available in some contexts.
There is increasing interest in studying the effects of socioeconomic status on health outcomes in newly developed nations, such as Singapore, 21 which has a mixed health care system based on copayment of subsidized health care. 22, 23 Medical treatment at public hospitals is subsidized by up to 80%, depending on the choice of hospital ward, with copayments (where applicable) from patients' compulsory medical savings or insurance. 24 However, the standard of care is independent of patients' income and level of subsidy. Nonetheless, a recent study demonstrated that, despite universal access to tertiary care, low socioeconomic status is associated with visual impairment in Singapore. 25 Squamous cell carcinoma is the most common type of head and neck cancer in Singapore, accounting for approximately 300 cases per year. 26 Although clinical prognostic factors have been well studied in our population, [27] [28] [29] the effect of socioeconomic status on clinical outcomes is unknown. Singapore has a public subsidized housing system catering to most of the resident population, in which income determines eligibility for subsidies for rental or purchase of an apartment under a public housing scheme, and the level of subsidy is tiered by the owners' income at the time of purchase and the size of the apartment. 30 This allows for correlation between income status and type of public housing, referred to here as the "room index," which is based on the size (or number of "rooms") of the apartments. The primary objective of the current study was to assess whether patients' residential type (small/heavily subsidized, medium/moderate subsidy, large/minimal/no subsidy), assumed to be a proxy for socioeconomic status, influenced their survival. The secondary objective was to examine whether patients living in smaller, more subsidized apartments were more likely to present at a late stage of disease.
MATERIALS AND METHODS

Data Source and Data Collection
The National Cancer Center has collected head and neck cancer clinical data since 1992. Details of the patients discussed at the National Cancer Center head and neck tumor board are entered into the registry after each multidisciplinary meeting, with treatment and death details subsequently updated.
Study Design, Setting, and Study Population
This historic cohort study was conducted in a tertiary academic center in Singapore, an Asian urban country with a long life expectancy, 31 a land area of 719.1 square kilometers, a population of 5.5 million, and a mixed health care financing system. 22, 23 Patients with HNSCC diagnosed from 1992 through 2014 were entered into the study. Mortality information was obtained by matching to the Singapore Death Registry up to May 2016. Nonresidents were excluded from analysis, because nonresidents are not eligible for subsidized housing, and mortality data for nonresidents are not captured in the Singapore Death Registry. Sex, age at presentation, race, stage at presentation, type of treatment received, and smoker status were extracted from the registry for analysis. Age was analyzed as a linear variable. The American Joint Committee on Cancer 32 (AJCC) seventh edition was used to classify the stage of cancer at presentation.
Socioeconomic Status by Residential Postal Code
Registry data were passed to the hospital electronic medical records department, then matched by national registration number to the latest known residential address on record, and the 6-digit postal code was then released to the study team after data anonymization. These residential postal codes were then matched to the "room index," which was generated based on the following information from the Singapore Land Authority, which publishes a master plan of land use, and the Housing Development Board (HDB), the government public housing authority:
Greater than 80% of the resident population lives in HDB apartments, and 80% of these individuals reside as home owners. 33 Residents of HDB 1-room and 2-room rental flats (which cannot be owned and can only be rented from the HDB) are required to have a household monthly income of less than $800 Singapore dollars (S$) ($533 US dollars [US$], until October 2003) 34 or S$1500 (US$1000, from November 2003). 34 For the other flat categories (3 rooms and larger), ownership is mostly through direct purchase from the government, and owners may rent out their flats at open-market rental rates. There is a monthly income ceiling of S$6000 to S$12,000 (US$4000-$8000) to qualify for a government subsidy for the purchase of 3-room flats (2 bedrooms and 1 living room) and a monthly income ceiling of S$12,000 to S$18,000 (US$8000-12,000) to qualify for a government subsidy for the purchase of flats that are 4 rooms or larger (3 bedrooms and larger), 35 with a minority of these units purchased on the open market (without income ceiling). 36 Information on HDB 30, 37, 38 resale sites and types of units was used to generate a data set of postal codes and the composition of the block at each postal code. A "room index" was generated by the following formula: Summation (number of rooms in a flat 3 number of such flats per block) / total number of units in a block.
For blocks without any historic transaction information, postal codes were cross-referenced to rental flats, as extracted from the HDB rental flat website. 39 When complete block composition was available, the same formula was applied. If the entire block consisted of rental flats but the relative proportion of 1-room and 2-room rental flats was unknown, then a room index value of 1.5 (mean of 1-room and 2-room) was assigned. If a block was a mixture of 3-room flats and an unknown proportion of rental flats, a room index of 2.5 was assigned. Postal codes coded as private housing (no government subsidy) on the Singapore Land Authority postal code master plan were assigned a value of 5. Executive condominiums, executive mansionettes, multigeneration flats, and any HDB category larger than a 5-room flat were also assigned a value of 5. Characteristics of HDB flats with postal codes that were missing from our master list were explored using commercial property websites, and a room index was assigned if possible based on this information. Final scores for residential postal codes ranged from 1 (a block of exclusive 1-room rental flats) to 5 (any HDB block that consisted of flats that were all 5 rooms or larger; any private residential property, ie, without government subsidy).
Three categories of room index were used in the final analysis ( Fig. 1): 1. Room index < 3, in which the majority of residents lived in rental flats with a monthly household income <S$1500; 2. Room index from 3 to < 4, in which most apartments in the block were 3-room flats (ie 2 bedrooms and 1 living room); and 3. Room index 4, including blocks in which the majority of apartments had at least 3 bedrooms ("4-room flats"), all HDB apartments that were >4-room flats, as well as private residential postal codes (no subsidy).
Outcome measures
The primary outcome measure was all-cause mortality. The secondary outcome was disease stage at presentation.
Statistical Analysis
Patient characteristics at baseline were summarized as the mean ( 6 standard deviation) or median (interquartile range) value or frequency (%). The chi-square test or Fisher exact test, as appropriate, was used to evaluate associations between outcomes and the categorical predictors of interest. Survival from diagnosis was included in the model to adjust for potential differences in mortality as a result of different cohort entry points over the study period. Predictors that approached significance (P < .10) in the 
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RESULTS
Of the 758 patients who met inclusion criteria, postal codes could not be matched to the room index for 16 patients, stage at presentation was missing for 53 patients, and 3 patients had missing information for both. These patients were excluded from the multivariable analysis. Most patients were men (73.4%), the median patient age was 64 years (interquartile range, 54-71 years), 30.5% were current smokers, and 15.2% were former smokers. More than one-half of the study cohort (56.8%) presented with advanced-stage disease (stage IV) according to the AJCC seventh edition classification (Table 1 ).
All-Cause Mortality
Patients living in postal codes with a room index <3.0 had the worst survival (median, 28 months; 95% confidence interval [CI], 21-48 months), followed by those living in postal codes with a room index from 3.0 to 3.9 (median survival, 42 months; 95% CI, 24-65 months) (Fig. 2) . Those living in postal codes with a room index 4.0 had the best survival outcomes compared with the rest of the study population (median survival, 57 months; 95% CI, 44-208 months; P < .01; log-rank test). The 5-year overall survival rate had similar trends at 32.1%, 38.9%, and 39.6% for patients living in postal codes with a room index <3.0, from 3.0 to 3.9, and 4.0, respectively. On multivariable analysis, male gender, age at diagnosis, survival time from diagnosis, smoker status, and stage at presentation were predictors of mortality (Table 2 ).
Stage at Presentation
When the patients who presented with early stage disease were compared with those who presented with advancedstage disease, those living in the smaller, highly subsidized room-index postal codes were not more likely to present with advanced disease in either univariate or multivariable analysis, suggesting that the survival difference was not because of delayed presentation (Table 3) .
Sensitivity Analysis
Several variables (smoking status, subsite, and treatment received) are known to be associated with socioeconomic status. To analyze interactions between room index and these variables, we constructed interaction variables using the products of room index plus and smoking status and of subsite plus treatment. These were added to the multivariable logistic regression model. None of the interactions were statistically significant, hence, they were not included in the final model. To examine the possibility that poorer survival was because of late stage patients not completing multimodality treatment, subset analysis of stage IV patients was performed, and there was no association between room index and whether a patient received multimodality treatment.
To compare early versus late stage at presentation, using ordinal regression for each stage rather than a categorical comparison of stage IV versus stages I through III also indicated that patients living in a lower room index postal code were not more likely to present with advanced disease.
DISCUSSION
Health disparities in cancer outcomes have been well studied in developed countries. [40] [41] [42] HNSCC has one of the largest "deprivation gaps" among cancers diagnosed in the United Kingdom. 43 Across Europe, the differences in survival between the developed nations are also among the largest for HNSCC. 44 The tiered subsidy public housing system that caters to the majority of Singapore residents appeared to provide a valid proxy for socioeconomic status in our study. We observed that patients in the smallest, most highly subsidized apartments had the worst survival, even after adjusting for age, sex, smoker status, and stage at presentation, an effect that was not explained by delayed disease presentation. This is similar to findings with regard to socioeconomic status and HNSCC survival in other contexts. [1] [2] [3] [4] [5] [6] [7] It is worth noting that we did not observe any significant racial differences in our multivariable analysis. The overall proportion of patients in our study who were living in HDB apartments (85.5%) was higher than the national average (82%). 45 Similarly, there was a slight overrepresentation of the poorest income category (room index < 3.0) in our cohort (10.7%) compared with the general population (5.6%). 46 There are several reasons that may account for these differences: 1) It is well documented that the incidence of HNSCC is higher in poorer patients 2, 9 ; and 2) wealthier, and thus better insured, patients may have sought treatment outside of the public health care system in the private sector.
The patients living in the smallest, most highly subsidized apartments had the worst survival despite the finding that many of these patients would be expected to qualify for the maximal health care subsidy under the Ministry of Health Medifund 47 scheme. A recent study performed in Taiwan, which has completely subsidized health care, also revealed worse survival outcomes for poorer patients with head and neck cancers, 2 suggesting that the reasons for poor survival may go beyond health care financing and access to treatment alone. It has been suggested that malnutrition and the stress associated with poverty suppress the immune system and induce inflammatory markers associated with poorer survival. 1, 48 Socioeconomic status may affect many aspects of treatment compliance and patient choices. 1 For example, although medical treatment itself is heavily subsidized, logistical or transportation issues may hinder patient attendance and compliance to medical treatment, leading to unwanted delays. Patients living in smaller apartments may have smaller family units and less social support during the treatment and recovery phases. Finally, an important component of treatment for HNSCC is rehabilitation, which is often neglected by poorly informed patients or if patients are unable to attend because of economic constraints, lack of medical leave, fear of unemployment, and further economic burden. Although we observed no interactions between room index and treatment modality, our registry does not capture compliance to rehabilitation (eg, speech therapy), which can greatly impact patients' functional and nutritional status in the long term and ultimately may affect overall survival.
When the patients who presented with early stage disease were compared with those who presented with advanced disease, there were no differences between the 2 groups with regard to room index, smoking status, race, or age. This suggests that socioeconomic status is not a barrier to initial health care access in our system. Studies of stage at presentation and socioeconomic status in France (which has a social insurance model of health care) and Canada (which has publicly funded health care that is mostly free at the point of use) have also reported no effect of socioeconomic status on stage at presentation.
13,14
Limitations
We assumed that the effect of increased mortality for patients living in the smallest, most subsidized apartments was because of their lower socioeconomic status. However, this could also be because of a smaller nuclear family and hence poorer social or family support. Our assumption of lower socioeconomic status should be valid for patients who are living in flats with a room index <3.0, who must meet monthly household income criteria to qualify. 49 However, for the other flat categories (3 rooms and larger), it is difficult to tell from the room index or size of the flat whether residents are from a lower socioeconomic group or whether they have chosen to live in a relatively smaller unit because of a smaller nuclear family. Hence, we do not know whether a lack of family support is the cause of poorer survival for patients living in apartments with a room index from 3.0 to 3.9 compared with a room index 4.0 rather than socioeconomic status per se. Other sociodemographic factors associated with poor survival (marital status, alcohol use, education level) 18 were not captured in our registry.
There were some limitations in using our registry data. For example, only the treatment that the patient eventually received, and not the treatment that was recommended at tumor board, was captured. Consequently, a proportion of patients with advanced disease did not receive multimodality treatment despite clinical indications for it, and this was because of medical contraindications or, less commonly, patients' declining or failing to comply with treatment recommendations. Nevertheless, this should have minimal impact on our findings, because our sensitivity analysis revealed no association between noncompliance and socioeconomic status. In addition, an ongoing study at our institution suggests that we have greater than 80% compliance to tumor board recommendations (article in preparation). Other registry limitations included the high unknown smoker rate in the registry, likely because of patient reticence with their histories, and unknown comorbidity status, which could contribute to increased all-cause mortality. Finally, as with other retrospective, registry-based studies, different cohort entry points presented a limitation for data analysis, with survival and selection biases likely to vary over the study period.
Conclusion
In Singapore, patients with HNSCC living in the smallest, highest subsidy public apartments have the worst survival despite similar stage of disease at presentation. To our knowledge, this is the first time public housing subsidy has been used as a proxy for socioeconomic status in cancer outcome studies. Because residential postal codes are part of routinely collected health care data, this method could be applied to disparities research for other clinical conditions in Singapore and in other settings in which public housing subsidy information is available.
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